There is emerging evidence that attentional biases are related to the consumption of substances such as alcohol and tobacco, and that attentional bias modification can reduce unwanted consumption of these substances. We present evidence for the first time that the same logical argument applies in the food and eating domain. We conducted two experiments which used a modified dot probe paradigm to train undergraduate women to direct their attention toward ('attend') or away from ('avoid') food cues (i.e., pictures of chocolate). In Experiment 1, attentional bias for chocolate cues increased in the 'attend' group, and decreased in the 'avoid' group.
Attentional Re-Training Can Reduce Chocolate Consumption
One particularly salient feature of contemporary Western environments is an abundance of food cues. We are continually bombarded with images of food and eating -in shops, fast food outlets, magazines, on bill-boards, public transport, and television. Further, it has been clearly established that the mere presence of such food cues can stimulate people's desire to eat and increase their food intake. For example, Fedoroff, Polivy and Herman (1997, 2003) showed that seeing and smelling freshly baked chocolate-chip cookies increased cravings for, and subsequent consumption, of these cookies. Similarly, Painter, Wansink and Hieggelke (2002) found that office workers ate more chocolates if these were in plain view on the desk than if they were in a drawer. Thus the omnipresence of densely calorific food and associated food images has been accepted as a contributing factor to widespread overeating and the increasing rates of obesity (Westerterp & Speakman, 2008) .
One influential general theory that provides a coherent account for the observed link between cue exposure and consumption behaviour is Robinson and Berridge's (1993) incentive sensitisation model of craving and addiction. In this model, reward-related cues in the environment, such as drug-associated stimuli, acquire motivational properties, or incentive salience, through classical conditioning (i.e., repeated association between the cue and intake of the rewarding substance).
Consequently, these cues come to be perceived as attractive and 'wanted'. As a result, reward-related cues automatically capture (i.e., bias) attention, stimulate craving, and guide behaviour toward substance acquisition and consumption. These processes are regulated by the dopaminergic system, and occur outside of conscious awareness.
Attentional biases have now been shown for a wide range of rewarding substances, including alcohol (Townshend & Duka, 2001) , tobacco (Waters, Shiffmann, Bradley & Mogg, 2003) , drugs (Franken, Kroon, Wiers & Jansen, 2000) and caffeine (Yeomans, Javaherian, Tovey & Stafford, 2005) . In addition, several studies have reported a positive correlation between attentional bias and subjective craving (Mogg & Bradley, 2002; Field, Mogg & Bradley, 2004; Field, Mogg & Bradley, 2005) , although others have found no relationship (Ehrman et al., 2002; Field, Eastwood, Bradley & Mogg, 2006; Lubman, Peters, Mogg, Bradley & Deakin, 2000; Wertz & Sayette, 2001) . Perhaps not surprisingly, a recent meta-analysis concluded that attentional bias indices across a range of rewarding substance cues (tobacco, alcohol and drugs) were positively correlated with subjective craving, but that the overall effect size was small (r = .19) (Field, Munafo & Franken, 2009) . The relationship with consumption has been less studied, although Fadardi and Cox (2008) showed that attentional bias for alcohol-related words predicted alcohol consumption in university students, in support of the model.
Although Robinson and Berridge's (1993) framework was originally developed for substances of abuse, we argue that it can be applied equally to food.
Indeed, attentional biases for food cues have been well documented (Brignell, Griffiths, Bradley & Mogg, 2009; Green & Rogers, 1993 If the logic of the Incentive Sensitization model is correct and applies to food and eating, then one potential way to curb unwanted (over)consumption of food or other substances might be to modify the underlying attentional processes proposed to ATTENTIONAL RE-TRAINING REDUCES CHOCOLATE INTAKE 5 cause substance seeking behaviour and consumption. Emerging evidence from alcohol research supports this possibility. For example, using a modified dot probe task, Field and Eastwood (2005) showed that an experimental manipulation of attentional bias for alcohol cues affected beer consumption in heavy social drinkers.
Specifically, participants who were trained to direct their attention toward alcoholrelated pictures ('attend alcohol') showed an increased attentional bias for such pictures; in contrast, participants who were trained to direct their attention away from these pictures ('avoid alcohol') showed a reduced bias. Importantly, participants in the avoid group drank less beer in a subsequent taste test than those in the attend group. In addition, attentional re-training also affected cravings, such that participants in the attend group reported an increased urge to drink alcohol. Similarly, using a modified Stroop task, Fadardi and Cox (2009) found that training hazardous and harmful drinkers to ignore alcoholic stimuli reduced both their attentional bias for, and consumption of, alcohol. Some other attentional bias modification studies in heavy drinkers (Schoenmakers, Wiers, Jones, Bruce & Jansen, 2007) and alcoholic patients (Schoenmakers et al., 2010) have also reported reductions in attentional bias for alcohol cues. In the latter study, although there was no resulting effect on craving or preference for an alcoholic beverage, attentional re-training also delayed time to relapse among the alcoholic patients (Schoenmakers et al., 2010) .
Studies on attentional bias modification in relation to smoking have similarly found effects of attentional re-training on attentional bias for smoking-related cues; however, increasing or decreasing attentional bias for smoking-related cues did not affect tobacco seeking behaviour (Field, Duka, Tyler & Schoenmakers, 2009) or smoking topography (e.g., number of puffs taken, puff volume) (Attwood, O'Sullivan, Leonards, Mackintosh & Munafo, 2008) . The latter study did, however, ATTENTIONAL RE-TRAINING REDUCES CHOCOLATE INTAKE 6 find an effect of attentional bias modification on cigarette craving, with male smokers in the 'attend smoking' group reporting an increased urge to smoke. More generally, attentional bias modification has been shown to reduce symptoms of anxiety (Amir, Beard, Burns & Bomyea, 2009; Hazen, Vasey & Schmidt, 2009; Schmidt, Richey, Buckner & Timpano, 2009 ) and attenuate emotional responses to a subsequent stressor (MacLeod, Rutherford, Campbell, Ebsworthy & Holker, 2002; See, MacLeod & Bridle, 2009 ).
To date there have been no studies that have investigated attentional bias modification in the food and eating domain. Although the results from studies on alcohol and tobacco use are mixed, they do suggest that attentional bias modification might affect craving and consumption. The aim of the present experiments was to investigate the effect of attentional re-training on chocolate craving and consumption.
Chocolate was chosen because it is a popular food that is generally well-liked. It is also the most commonly craved food in Western cultures (Hetherington & Macdiarmid, 1993) , which makes it particularly suitable to test for any effect of attentional bias modification.
We used a well-established cognitive experimental procedure, the modified dot probe task, developed by MacLeod et al. (2002) , to increase or decrease attentional bias for chocolate by directing attention either toward ('attend') or away ('avoid') from chocolate cues. We collected ratings of chocolate craving before and after attentional re-training. Following Field and Eastwood (2005), we used a taste test procedure to assess chocolate consumption. Participants were presented with a chocolate and a comparable non-chocolate food product, and asked to taste and rate these on a number of dimensions. Finally, we also measured participants' awareness of the experimental contingencies used during the training to examine its potential ATTENTIONAL RE-TRAINING REDUCES CHOCOLATE INTAKE 7 role on training effects. Findings from previous attentional bias modification studies on alcohol and cigarette cravings have been mixed. While some have found that training effects were restricted to participants who were aware of the experimental contingencies (Attwood, O'Sullivan, Leonards, Mackinstosh & Munafo, 2008; Field et al., 2007) , others found that contingency awareness did not influence training effects (Field et al., 2005; Field, Duka, Tyler & Schoenmakers, 2009) . Experiment 1 used the same stimuli throughout. Experiment 2 examined whether the effects of attentional re-training would generalise to novel (i.e., not previously seen) chocolate stimuli.
Experiment 1 Method
Participants. Participants were 110 female undergraduate students at Flinders University who took part for course requirements and credit. They were aged between 18 and 26 years (M = 20.43, SD = 2.24). We specifically recruited a sample of young women, because food cravings are more prevalent in women than in men (Weingarten & Elston, 1991) , and decrease in frequency and intensity with age (Pelchat, 1997) . As hunger has been linked to attentional biases for food (Mogg, Bradley, Hyare & Lee, 1998) , participants were instructed to eat something two hours before their testing session to ensure they were not hungry. All participants reported having complied with this instruction. Additionally, participants rated their level of hunger on a 100-mm visual analogue scale, ranging from "not hungry at all" to "extremely hungry". (Hill, Weaver & Blundell, 1991) . Participants were seated approximately 50 cm in front of an IBM compatible computer with a 22-inch monitor. After giving informed consent, participants completed a brief demographics questionnaire, which included the hunger measure, followed by the modified dot probe task.
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Following standard attentional bias modification protocols (Field & Eastwood, 2005) , the modified dot probe procedure consisted of three phases: (1) a pre-training baseline assessment of participants' attentional bias for chocolate (pre-test), (2) a training phase in which half the participants were trained to attend to chocolate, and the other half were trained to avoid chocolate, and (3) a post-training assessment of participants' attentional bias for chocolate similar to the pre-test (post-test).
Pre-test.
At pre-test, participants completed a standard dot probe task. On each trial, a fixation cross was displayed in the centre of the screen for 500 ms, followed by the presentation of a picture pair for 500 ms. The pictures were displayed on either side of the central position, with a distance of 40 mm between their inner edges. A dot probe was then displayed in the location of one of the previously presented pictures.
Participants were asked to indicate as quickly as possible whether the dot probe appeared in the location previously occupied by the left or the right picture, by pressing the corresponding keys labelled L ('z') and R ('/') on the computer keyboard.
The dot probe remained displayed until a response was made. The inter-trial interval was 500 ms.
The task commenced with 12 practice trials, followed by 2 buffer trials and 128 experimental trials. In the experimental trials, each of the 16 critical (chocolatenon-chocolate) picture pairs and each of the 16 control (non-chocolate -nonchocolate) picture pairs was presented four times, once for each of the picture location (left or right)  dot probe location (left or right) combinations. Thus probes replaced each of the pictures in each pair with equal frequency (50/50). Trials were presented in a new randomly chosen order for each participant.
Following this task, participants rated their current level of chocolate craving by placing a vertical mark on a 100-mm visual analogue scale, ranging from "no desire or urge to eat chocolate" to "extremely strong desire or urge to eat chocolate".
Such self-report is argued to provide the most appropriate measure of chocolate craving (Pelchat, 2002) .
Training. In the attentional re-training phase, participants completed a modified dot probe task. Only the 16 critical (chocolate -non-chocolate) picture pairs were used. These were each presented 16 times, for a total of 256 trials, with each picture presented 8 times on each side of the screen. Attentional bias was manipulated by varying the location of the dot probes for the two training conditions. Specifically, for participants in the attend condition, dot probes replaced chocolate pictures on 90% of trials and non-chocolate pictures on 10% of trials, designed to direct attention toward chocolate cues. For participants in the avoid condition, these contingencies were reversed, that is dot probes replaced chocolate pictures on 10% of trials and nonchocolate pictures on 90% of trials, designed to direct attention away from chocolate cues. A 90-10 distribution was used, as opposed to a 100-0 one, to reduce the obviousness of the contingency (Schoenmakers et al., 2007) .
Post-test. The post-test was similar to the pre-test, except that there were no practice trials. Subsequently, participants again rated their current level of chocolate craving, followed by a so-called taste test to assess chocolate consumption (Field & Eastwood, 2005) . Participants were presented with two equal size muffins of the same brand: one chocolate and one blueberry. These were presented together, with order of muffin (left versus right) counterbalanced across participants and conditions. Participants were instructed to taste each muffin and rate it on several dimensions (e.g., sweetness, texture, likeability). Participants were told that they could sample as much of each muffin as they wished, and were given 10 min. to make their ratings.
Muffins were weighed out of participants' sight before, and again after, the taste test to determine how much of each muffin had been consumed. participants to choose the correct statement from five different statements that described relationships between picture type and the probe location (e.g., "dots mainly appeared on the same side of the screen as chocolate-related pictures"). 
Results

Statistical considerations.
Awareness of experimental contingencies. Sixty-five participants (59%)
correctly recalled or recognised the relationship between the type of pictures and the location of the probes during the training phase; the other 45 participants (41%) were not aware of (or at least did not report) the experimental contingencies. To examine the effect of contingency awareness on attentional bias scores, chocolate craving ratings and percentage of chocolate muffin consumption, the previous analyses were repeated with awareness (aware, unaware) as an additional between-subjects factor.
Across analyses, there was no main effect of awareness, nor, most importantly, any interactions involving awareness (all ps > .05). Indeed, as can be seen in Table 2 , separate analyses conducted for participants who noticed the relationship between picture type and probe location, and those who did not, showed exactly the same pattern as the overall results above.
Discussion of Experiment 1
In line with predictions, results showed that attentional biases for rewarding food cues can indeed be modified. Participants demonstrated changed biases for chocolate cues in accordance with their training condition; the attend group showed an increase in attentional bias following attentional re-training, whereas the avoid group showed a decrease. These findings are consistent with reports of attentional bias modification for other reward-related cues, such as alcohol (Fadardi & Cox, 2009; Field & Eastwood, 2005; Field et al., 2007; Schoenmakers et al., 2007 Schoenmakers et al., , 2010 and Attentional re-training, however, did not affect chocolate craving. Although the attend group reported a slight increase in chocolate craving after training and the avoid group a slight decrease, these changes were not statistically significant. This finding fits with several other studies that have found no effect of attentional bias modification on craving for alcohol (Schoenmakers et al., 2007 (Schoenmakers et al., , 2010 or cigarettes (Field et al., 2009 ).
Importantly, the attentional training manipulation did affect chocolate consumption. As predicted, participants in the avoid group ate less of the chocolate muffin during the taste test than did those in the attend group. This observation is in line with the few previous findings of attentional bias modification effects on alcohol consumption (Fadardi & Cox, 2009; Field & Eastwood, 2005) .
Finally, the training effects on attentional bias and chocolate consumption were observed across the board, regardless of whether participants were aware of the experimental contingencies. This suggests that participants need not be consciously aware of the re-training to show its intended effects.
Experiment 2
Experiment 1 showed that attentional bias for rewarding food cues (i.e., chocolate) can be altered, and that this alteration in attentional processing can affect subsequent consumption, but not craving. Experiment 2 replicated the procedure of Awareness of experimental contingencies. Forty-five participants (51%) were aware of the experimental contingencies between picture type and probe location during training; the remaining 43 participants (49%) were not. The previous analyses were repeated with awareness (aware, unaware) as an additional between-subjects factor, but there were no main effects of awareness, nor any interactions involving awareness (all ps > .05). As shown in Table 4 , separate analyses for participants who were aware of the experimental manipulation, and those who were not, again showed the same pattern of results.
Discussion of Experiment 2
As in Experiment 1, the attentional training manipulation produced the predicted changes in attentional bias scores; attentional bias for chocolate cues increased in the attend group and decreased in the avoid group. The use of novel pictures at post-test demonstrates that these training effects clearly generalised to previously unseen chocolate cues. This is consistent with reports of generalisation to novel alcohol cues in other attentional bias modification studies (Field et al., 2007; Schoenmakers et al., 2010) . In line with Experiment 1, attentional re-training also affected chocolate consumption. The avoid group again ate less of the chocolate muffin compared to the attend group.
Interestingly, in contrast to Experiment1, the attentional training manipulation now also affected chocolate craving. Participants in the attend group reported stronger chocolate cravings after the training; in contrast, participants in the avoid group reported less intense cravings. These training effects on chocolate craving are consistent with those found by some researchers for alcohol and tobacco (Field & Eastwood, 2005; Attwood et al., 2008) .
Finally, as in Experiment 1, awareness of the experimental contingencies between picture type and probe location during training did not influence the observed training effects on attentional bias, chocolate craving or consumption.
General Discussion
The present study was the first to show beneficial effects of attentional bias modification in the food and eating domain. Our two experiments clearly showed that attentional re-training can successfully alter attentional biases for rewarding food cues. Participants trained to direct their attention toward chocolate cues showed an increased attentional bias for such cues, whereas participants trained to direct their attention away from these cues showed a reduced bias. Experiment 2 further showed that these training effects generalised to novel chocolate cues. Thus the observed changes in attentional bias for chocolate here extended beyond the specific chocolate stimuli that were used during training. Such generalisation is important if attentional bias modification is to have any real-world application. Individuals need to learn to not attend to all unwanted food cues, not just the particular ones used in training.
Indeed, because of the abundance of rewarding food cues in our environment, people are likely to encounter a multitude of novel food cues on a daily basis.
But our most important finding was that attentional re-training also clearly affected chocolate consumption. In each experiment, participants trained to avoid chocolate cues consumed less of a chocolate food product than those trained to attend to these cues. This supports the widely accepted view that attentional bias for rewarding cues can influence consumption behaviour (Franken, 2003; Kavanagh et al., 2005; Robinson & Berridge, 1993; Ryan, 2002; Tiffany, 1990) .
In contrast, the findings for craving were less clear. Experiment 2 showed a significant effect of attentional retraining on chocolate craving, such that participants trained to attend to chocolate cues reported stronger chocolate cravings and those trained to avoid these cues reported less intense cravings. Although Experiment 1
showed this same general pattern, the effect was not statistically significant. These inconsistent findings add to the previous mixed reports of attentional bias modification effects on craving for alcohol and tobacco, and the conclusion that the association between attentional bias for rewarding cues and subjective craving is relatively weak (Field et al., 2009) . In the present experiments, it is possible that the novel images presented in the test phase of Experiment 2 served to heighten or maintain participants' craving.
Theoretically, the results are broadly consistent with recent cognitivemotivational models of craving and consumption (Franken, 2003; Kavanagh et al., 2005; Ryan, 2002) . These maintain that attentional bias plays a causal role in consumption behaviour (although empirical evidence supports a reciprocal causal relationship between attentional bias and craving, for a review, see Field & Cox, 2008) . Thus any change in the attentional bias toward reward-related cues will result in a commensurate change in subsequent craving and consumption. The current data show that attentional biases for food cues can indeed be altered, and that this alteration may lead to a change in self-reported craving (Experiment 2) and food intake (Experiments 1 and 2). While this temporary reduction in chocolate craving and consumption is promising, future research needs to address the longevity of these attentional re-training effects.
A methodological strength of the present experiments is that the non-chocolate pictures, like the chocolate pictures, showed highly desired food items, in an attempt to equalise the desirability of the two food categories. In addition, the food products for the consumption measure (i.e., chocolate and blueberry muffins) were chosen to be equal in all regards except for (not) containing chocolate. In so doing, the current design provides a very clean first test of attentional re-training effects on craving and consumption in the food and eating domain. It may also have some practical use in understanding the experience of chocolate 'addicts' (so-called 'chocoholics').
However, its broader practical application is limited in that the desirable food items shown in the control pictures were also high-calorie. Future research needs to test whether it is equally possible to train people to direct their attention toward healthier food options.
Another limitation is that the sample consisted of university students of mostly normal weight. Future research needs to test whether the results generalise to overweight and obese people. These individuals exhibit a greater attentional bias for food (e.g., Nijs et al., 2010) , and thus re-training of this bias may prove more difficult.
Attentional bias modification protocols also need to be mindful of other sample characteristics. For example, chronic dieters have been shown to overeat when their attentional resources are restricted, unless they are exposed to diet-salient cues (Mann & Ward, 2007) . Thus protocols may need to be tailored to accommodate such samplespecific patterns of attentional allocation.
To the extent that experimental manipulation of attentional bias for food cues can reduce unwanted food intake in these groups, this would have important clinical implications for combating pathological (over)eating. Attentional bias modification focuses on altering people's implicit attentional processes, rather than tackling their In conclusion, the current study has demonstrated that an experimental manipulation of attentional bias for food cues can influence a behavioural measure of food intake. In so doing, it has extended the attentional bias modification paradigm from rewarding substances such as alcohol and tobacco to food. The results provide clear empirical evidence for the causal effect of attentional re-training on consumption. Furthermore, they offer potential scope for curbing unwanted food cravings and (over)eating. 
